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摘  要 
真核生物中，多聚腺苷酸化及选择性多聚腺苷酸化是基因表达及其调控的重
要机制。多聚腺苷酸化是转录后 mRNA 成熟的必要步骤，包括在 3'-UTR 某一特
定位置[即 poly(A)位点]的剪切和位点处加入一串多聚A尾巴[即 3'端 poly(A)加尾]
这两个过程，对 poly(A)位点的准确识别有助于基因结构的确定。另外，3'端 poly(A)




































2. 针对不同种类植物的 poly(A)位点识别，提出了基于植物 poly(A)信号分布
的分类器识别模型框架，实现了信号分布结构、特征产生和分类算法应用的独立

















4. 为了减少或消除多种噪声对 Tiling Array 芯片数据的干扰，给出了实现标
准化、探针亲合度消除、探针过滤等方式综合的数据预处理方案。首先应用 VSN
标准化算法有效消除了芯片内部探针的背景信号和多个芯片间的系统偏差，效果























In eukaryotes, polyadenylation and alternative polyadenylation play an important 
role during gene expression and in the regulation of their expression. Polyadenylation 
is an essential post-transcriptional step in mRNA maturation, which includes cleavage 
in a particular location of 3'-UTR [called poly(A) site] and addition of a polyadenine 
tract to the newly formed end. The accurate recognition of poly(A) site helps to define 
the structure of the whole gene. In addition, polyadenylation is also a hub of gene 
expression regulation. When there are several potential poly(A) sites in 3'-UTR, 
alternative polyadenylation affected gene expression in response to developmental 
and/or environmental cues. The position of a poly(A) site is predetermined by signals 
in the pre-mRNA sequence that are recognized by a complex of poly(A) factors. For 
more poly(A) sites conditions, a specific poly(A) factor mutant would result in 
different poly(A) site to be selected, and cause expression differences in the forms of 
transcripts, so it is a major impact for the study of plant development and function to 
do the analysis of differential gene expression under different conditions from the 
perspective of the whole genome.  
For the issue of poly(A) sites recognition, the current studies are primarily carried 
out using animals, less has been done in plants because of the features of dispersion, 
diversity and complexity on their sequences. Especially, it is very difficult to 
recognize poly(A) sites in plants using mathematical model and computational 
analysis, and there was no related published reports to be found before this study. For 
the issue of differential gene expression analysis, the project has identified an 
Arabidopsis poly(A) factor PCFS4 by biological experiment. PCFS4 was shown to 
function in leaf development and in flowering time control. It is also confirmed that 
PCFS4 promoted the proximal poly(A) site usage of FCA and thus the mutation of 
PCFS4 caused flowering time delay. However, the further targets of PCFS4, which 
might mediate the function of PCFS4 in both flowering time and leaf development, 
remain to be identified.  
This dissertation has developed in-depth modeling analysis and experiment 
confirmation for both issues of poly(A) sites recognition and differential gene 














1. On the poly(A) sites recognition of the model plant Arabidopsis, we developed 
a GHMM-based model and algorithm that for the first time can predict Arabidopsis 
poly(A) sites using modeling analysis and biological experiments. First of all, 
combining the signal component information of Arabidopsis poly(A) site and it’s 
surrounding sequence, an appropriate GHMM topology was designed, and the 
forward and backward algorithm was extended and improved. Then，the output 
formula for evaluating the probability score of a sequence position being a poly(A) 
site was given. Finally, related parameters of each state were estimated using a variety 
of statistical methods, and also a first order heterogeneous Markov sub-model was 
applied to reinforce the characteristics of the particular signal components. 
Experiments confirmed that the model and algorithm could effectively identify 
Arabidopsis poly(A) sites, including the alternative poly(A) sites, and obtained a high 
sensitivity and specificity. 
2. On the poly(A) site recognition for different types of plants, a classifier 
recognition model framework based on plant poly(A) signal distribution was proposed 
to achieve independent modular design for signal distribution structure, feature 
generation and classification. In the feature generation, the K-gram nucleotide 
patterns, Z-Curve, binary coding and other methods were applied to search the 
sequence features around the poly(A) sites, and a position specific score matrix and a 
one-order heterogeneous Markov sub-model was used to strengthen the characteristics 
of specific signal components. In the application of classification algorithm, based on 
“Biomimetic Pattern Recognition”, a high-dimensional space covering method of 
complex geometry was achieved to distinguish true or false poly(A) site. The results 
show that, compared with GHMM-based model and algorithm for poly(A) sites 
recognition, the proposed mode framework is more flexible and easier to expand, and 
users are free to choose different feature combinations or classification algorithm for 
model training and testing, which is conducive to platform for computer recognition 
system and convenient for biologists to facilitate the expansion of applications in a 
variety of plants. Also, high recognition efficiency was achieved to verify the validity 
and superiority of the method. 
3. Based on high-throughput and high-density Tiling Array Chip data, we 
developed a data analysis pipeline of differential gene expression with levels for T-test, 














compared the differential significant level of gene expression between the wild-type 
samples and PCFS4 mutant，then identified the specific target genes under mutant 
samples, and analyzed the structural differences under different conditions for mRNA 
alternative processing research. Also, we applied the concept of using balanced 
random combinations to estimate the false discovery rate of the obtained differential 
genes. Experiments showed that this method can not only identify the differentially 
expressed genes, but also recognize the differentially processed genes, and both got a 
lower false discovery rate. 
4. To reduce or eliminate a variety of noise on the Tiling Array chip data, a 
pretreatment program was given, including standardization, reducing probe affinity 
variation, probe filtering, etc. First, we applied the VSN standardized algorithm which 
was better than the RMA algorithm to eliminate the background signal of probes 
within the chip and the systematic bias among multiple chips. Secondly, a simple and 
effective ratio-based way that was better than the DNA reference normalization 
algorithm was proposed to reduce the probe affinity. Then, to eliminate the 
interference by the unreasonable probes, the non-unique probes in the Arabidopsis 
genome sequence were removed using Mummer tool. Finally, the follow-up analysis 
data was transformed to normal distribution through data conversion. 
 
Keywords: Poly(A) Site; Hidden Markov Model; Biomimetic Pattern Recognition;          









































目  录 
第一章  绪论........................................................................................... - 1 - 
1.1 研究课题的背景和意义 ............................................................................ - 1 - 
1.2 国内外研究现状 ........................................................................................ - 3 - 
1.2.1 植物 poly(A)位点建模识别研究 ..................................................... - 4 - 
1.2.2 基因表达差异分析研究................................................................... - 5 - 
1.3 论文的主要工作 ........................................................................................ - 8 - 
1.4 论文的结构 ................................................................................................ - 9 - 
第二章  基因表达及基因选择性表达 ................................................ - 11 - 
2.1 引言........................................................................................................... - 11 - 
2.2 基因简介 .................................................................................................. - 11 - 
2.3 基因结构与表达 ...................................................................................... - 12 - 
2.3.1 基因的结构..................................................................................... - 12 - 
2.3.2 基因的表达及其调控..................................................................... - 13 - 
2.4 基因的选择性表达 .................................................................................. - 16 - 
2.5 小结........................................................................................................... - 20 - 
第三章  基于 GHMM 的拟南芥 poly(A)位点识别研究 .................. - 21 - 
3.1 引言........................................................................................................... - 21 - 
3.2 运行环境与数据来源 .............................................................................. - 21 - 
3.3 拟南芥 mRNA 多聚腺苷酸化信号模式 ................................................ - 23 - 
3.4 HMM 基础与 GHMM 框架 .................................................................... - 25 - 
3.4.1 HMM 基础....................................................................................... - 25 - 
3.4.2 GHMM 框架.................................................................................... - 31 - 
3.5 GHMM 模型与算法设计......................................................................... - 32 - 
3.5.1 模型设计......................................................................................... - 32 - 
3.5.2 算法设计......................................................................................... - 34 - 














3.6 GHMM 相关参数估计............................................................................. - 37 - 
3.6.1 信号状态的长度估计..................................................................... - 37 - 
3.6.2 信号状态的输出概率设置............................................................. - 38 - 
3.6.3 背景状态的参数设置..................................................................... - 40 - 
3.7 结果分析与讨论 ...................................................................................... - 41 - 
3.8 小结........................................................................................................... - 46 - 
第四章 基于分类器模型的植物 poly(A)位点识别研究 .................. - 47 - 
4.1 引言........................................................................................................... - 47 - 
4.2 整体识别模型框架 .................................................................................. - 47 - 
4.3 样本数据准备与特征产生 ...................................................................... - 49 - 
4.3.1 训练与测试样本数据准备............................................................. - 49 - 
4.3.2 特征产生......................................................................................... - 50 - 
4.3.3 特征选择及标准化......................................................................... - 53 - 
4.4 仿生模式识别介绍 .................................................................................. - 54 - 
4.4.1 仿生模式识别的同源连续性原理................................................. - 55 - 
4.4.2 仿生模式识别的分析方法............................................................. - 56 - 
4.5 高维空间复杂几何体覆盖方法 .............................................................. - 57 - 
4.5.1 覆盖与覆盖比................................................................................. - 57 - 
4.5.2 神经元在高维空间中的几何意义................................................. - 61 - 
4.5.3 超香肠神经元网络模型构造......................................................... - 62 - 
4.5.4 三角形神经元网络模型构造......................................................... - 65 - 
4.5.5 多自由度神经元网络模型构造..................................................... - 66 - 
4.5.6 样本识别方法................................................................................. - 69 - 
4.6 仿生模式识别在 poly(A)识别中的应用 ................................................ - 70 - 
4.6.1 真假两类神经元网络模型构造..................................................... - 70 - 
4.6.2 点到线段距离算法......................................................................... - 70 - 
4.6.3 点到三角形有限区域距离算法..................................................... - 71 - 
4.6.4 点到三棱锥有限区域距离算法..................................................... - 73 - 
4.6.5 真假 poly(A)位点判别方法 ........................................................... - 73 - 














4.7.1 结果输出......................................................................................... - 74 - 
4.7.2 与 GHMM 分析比较...................................................................... - 77 - 
4.8 小结........................................................................................................... - 78 - 
第五章 基于 Tiling Array 的基因表达差异分析 ............................. - 79 - 
5.1 引言........................................................................................................... - 79 - 
5.2 Tiling Array 技术与特点 ......................................................................... - 80 - 
5.3 芯片相关文件描述与 R 平台 .................................................................. - 83 - 
5.3.1 芯片探针数据文件......................................................................... - 83 - 
5.3.2 探针位置信息文件......................................................................... - 84 - 
5.3.3 基因注释信息文件......................................................................... - 85 - 
5.3.4 R 平台和 Bioconductor 包 .............................................................. - 85 - 
5.4 相关数学统计方法介绍 .......................................................................... - 86 - 
5.4.1 T 检验 .............................................................................................. - 86 - 
5.4.2 方差分析......................................................................................... - 87 - 
5.4.3 多重平均数比较............................................................................. - 93 - 
5.5 芯片数据预处理 ...................................................................................... - 94 - 
5.5.1 背景较正和芯片间标准化............................................................. - 94 - 
5.5.2 探针亲合度消除............................................................................. - 97 - 
5.5.3 探针过滤......................................................................................... - 99 - 
5.5.4 数据转换....................................................................................... - 100 - 
5.6 基因表达差异分析 ................................................................................ - 101 - 
5.6.1 CDF 文件制作............................................................................... - 101 - 
5.6.2 差异基因辩识............................................................................... - 102 - 
5.7 实验结果与讨论 .................................................................................... - 105 - 
5.7.1 结果输出....................................................................................... - 105 - 
5.7.2 生物实验验证............................................................................... - 108 - 
5.7.3 讨论............................................................................................... - 109 - 
5.8 小结......................................................................................................... - 110 - 














附  录 ................................................................................................. - 115 - 
参考文献 ............................................................................................... - 120 - 















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
